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The Problem of the Role of Closed Porgg'Téng;tnxxnz 1n Powlder
Metallurgy

formation Under the microscope it 1S {ound that Al
particles tend to disappear while the (1nitially) M
partjcles expand (Figure 0 for 10c. Al mixture § hour= at
620 €., then heated to 1 250 € and ymmediately cooled.

x 400). Finally. Figure 9 shows shrinkage as _a function

of composition for 1. 5 and 5 hours at | 250 following
heating for 8 hours at 620 “c. There 15 a slight expansion

for mixtures ~ 15 - 45° Al. It 18 emphasized that 1 n
lm}'Ollﬂ[H to outgas

sintering a mixture of matertrale. 1l 18
at temperatures below the moltang point of
There are 9 figures and 3 Sovicet relerences
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Diffusion Creep and Non-Equilibrium State in Metal Ceramics and “as' Me®-..

They zan be fully eliminated by sufficiently extended high-temperature
annealing, Furthermore, investigations were carried out into creet af*or
nard facing of metal ceramics pressed from iron powder, Results <f ex-
periments are given in Table 2, It was established that hard facing spaeded-
up diffusion creep at high temperatures {(e.g. in iron atb 900°C) mainly at the
unsettled stage. At lower temperatures (700°C for iron) hard facing causad a
decrease in the creep ffate. This proves that creep at such temperatures has
not a purely diffusi { probably a dislocation nature. Results cbtained
from experigents with Co-Ni, Ni-Pe and Ni-W powders [Ref 6] wera analogous

to those obtained with other systems including the Cr + Mo systems, Pure
component afid 50% Cr + Mo powder mixtures were tested at 1.300°7 ip a vacuum
under a load of 75 g/mz. The samples were preliminary annea.ed (n a va~aum
at 1,300°C and 1,500°C for up to 14 hours. des deformation ~reer,
shrinkage in sintering during preliminary an .ling was studied, Rasul®s »f
experiments are given in Pigure 4. It was established that diffuslon “reef
was always accelerated (mainly at the unsettled stage) in samgl=¢ “aving
excessive vacanclies, arising as a result of non-uniform partiai het«r
diffusion. In metal ceramic samples of Cr and Mo powder mixtures, °*re “vesp \)//
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piffusion Creep and Non-Equilibrium 3tate in Metal Ceramics and uast Ma*

acceleration was correspondmgly low at 1,30006, whan haterodiffusion o turred,
Annealing at 1,500°C during 50 minutes delayed the creep of pure componert
samples; other hand, the cresp of powder mixtures was arcnlerated

After extended annealing (8 hours) creep of powdar mixtures waa aiowed down due
to the gradual elimination of excessive vacancies

There are: 1 photograph, 1 diagranm, 3 tables, 3 graphs and 6 Soviat meferences.
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TITLE: Rpecovery” Under Load'in Processes of Diffustion Creep of Me<%n.
Ceramics

FERIODICAL: Izvestiya vysshikh uchebnykh zavedaniy. “hernmaya metailurglya,
1960, Nr 5, pp 121 - 129

TEXT. Diffuaion\:reep in porous meta. ceramlcs wag studied by ex-
periments made with specimens pre ed from coprer Eowder'Kelec&rolyttf origin,
grain size < S04 ), nickel powdersireduced from carbonyl; grain size 1. - 15m
and tungsnenAKgrnln sIEE'?TTTTZ$:W The experiments are 11lustrated by a
number of graphs, It was established tnat metal, alioy and, particularly,
metal ceramis specimens, subjected o diffusion creep at raised temperatures,
ravea,ed consideratle retardation of other diffusion processes, such as sin-
<ering, recrystailization and heterodiffusion. This retardation was ~onnected
with the non-equilibrium state of the specimens and arose in connection with
the gradual approach to +he equilibrium. Diffusion coefficients decreased
correspondingly. Thus, speeded-up "rasovery” of equilibrium properties under
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"Recovery” Under Load in Processea of Diffusion Creep of Metal Caramics

load occurred.- Retardation of diffusion processes at various temperatures

was proportional to the rate of diffusion creep, 1f applied strain was
constant, If at various temperatures "corresponding” strains were applied,
which caused the equal rate of creep, the retardation of diffusion processes
was the same, The retardation of diffusion processes in diffusion creep did
not depend on the sign of the strain applied, and was equal during tension and
compression. The first non-steady stage of diffusion creep may be interpreted
as corresponding to the decreasing rate of creep proper, resulting from the
speeded-up recovery of the regularity of the crystalline lattice and the
equivalent values of self-diffusion constants under load.

There are; 10 graphs, 1 set of micro-photometric curves and 6 Soviet references.
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Pines, B.Ya. and Chaykovskiy E.F.

ot
— v
Influence of Plastic Deformation of Nickel on the
Diffusion Rate, in the Ni-S System

{
\ a
Fizika metallov 1 metallovedeniye 1960. Vol 9, Nr 3,

pp 369-373 (USSR)

Specimens of the shape of rectangular blocks,
5 x 5 x 10 mm, were made from technically pure nickel.
In order to remove distortions due to mechanical working,
the specimens were annealed 1n a reducing atmosphere of
hydrogen at 1000°C for one hour They were then detormed
in compression and the degree of deformation & was
determined from the formula

H - h

8 = T 100% (1)

where H s the i1nitial thickness of the specimen and
h 1s the final thickness after compression. The
maximum degree of deformation was BON. After deformation,

the specimens were subjected to diffusion annealing 1n o
sulphur vapours. Several specimens with various degreeségij/
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Influence of Plastic Deformation of Nicke! on the Diffusion Rate 1n
the Ni-S System

of deformation were annealed simultaneously, In order
to determine the diffusion rate of sulphur in nickel

the thickness of the layer of Ni-S compounds formed
during isothermal annealing was measured by means of a
MIM-6 metallurgical microscope or with a micrometer

Two methods of annealing were tried, the first as
outlined by Preasnyakov's paper (Ref 6) and the other by
annealing nickel in sulphur vapours The first method
proved to be unreliable. The second method. which was
adopted by the authors. 1nvolved annealing 1in a special
simple vacuum apparatus in which the vapour pressure of
S5 could be fairly accurately attained and controlled
independently of the diffusion annealing temperature of
the specimen. The apparatus has two nichrome heaters
mounted on one vertical porcelain tube. The lower
heater volatilizes the S and the upper one 1s a
furnace for diffusion annealing in the middle portion of
which the nickel specimens were placed on a holder . t//—\

Above the second heater 1s a conler on which the S \_—//
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Influence of ilastic Deformation ot Nickel on the Diffusion Rate
in the Ni-S System

vapours condense. After each annealing, the S

was acraped off the walls of the cooler and thrown

into the lower volatilizing furnace. The quantity of

S 1n the volatilizer was chosen so that this el -ment
should not be abie to volatilize completely during the
maximum annealing time. The upper portion of the
porcelain tube, through which the ends of the thermocouple

were led to a hermetic seal, were connected to the tube

for evacuation and pressure control 1n the apparatus
Evacuation by means ot a vacuum pump reduced the pressure
in the apparatus above the cooler during annealing to
approximately 10 2 mm Hg. The temperature of the
volatilizing furnace was maintained at 300 C which
ensured a S vapour pressure 1n the working space of

the furnace of approx 50 mm Hg (Ref 7): the temperatures
of the volatilizing furnace and the diffusion annealing
furnace were controlled by two nickel-nichrome
thermocouples. The lay-out of the apparatus 1s shown

in Fig 1. Diffuston annealing was carried out at QMUDC/T;;j
"
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Influence of Plastic Deformation of Nickel on the Diffusion Rate
in the Ni-S System

for one hour, at 500°C for one hour and at 600°C for

15 and 30 minutes. Control runs were carried out at an
annealing temperature of 700°C. The results are shown
in Fig 2. The dependence of the thickness of the Ni-S
compound layer on the degree of deformation & , which
can be found experimentally, enables the change of the
diffusion coefficients D of S through this layer
with increase in & to be determined. For the
evaluation of D. Pines' ratio D =f2/4t was used
(Ref 5), where { = thickness of the phase layer forming
as the result of uniform diffusion, t = time of
isothermal annealing. In Fig 3, the values of diffusion
coefficients thus found in relation to degree of
preliminary deformation are shown for Ni specimens
annealed in S vapours at 600°C for 30 minutes. From
the values of D found, the activation energy of
diffusion of S vapours through the layer of nickel
sulphides formed were determined from the relationship

log D - %. There are 3 figures and 9 references, /\/
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TITLE: Concerning the activation energy of the temperature background of intermai
friction

SOURCE: TFizika metallov i metallovedeniye, v. 22, no. 4, 1966, 632-635

TOPIC TAGS: activation energy, internal friction, temperature dependence, crystal
dislocation, impurity level

ABSTRACT: Two standard equations were given for temperature dependent intermal fric-
tion:

A
=t - A= uIED ! Tl v LT

In these equations it was noted that the aciivation energy of backpround intermna.

- friction (U) was very different from the activation energy of the grain boundary peax
(U;). For example, in Cu the value of U, is 48 kcal/mol, wiile U is only B-10 kcas/
/mol. No internal friction mechanism could be related easily to such low values of U.

| Therefore a new equation was presented: Q= = K [wexp (Ly/aTI™".

Cord 1/2 UDC: 539.67
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" where K and n are constants in a particular temperature range, U; is tne activet.on
energy for viscous dislocation flow, and w is the oscillatlion frequency. Trne vaiue

- of n could be obtained from the frequency dependence of Q !, and was related to U Ly
U = nlUy. Values of U, n, Uy, and activation energies for self diffusion were tabu-
lated for ten different pure metals, in various temperature and frequency ranges. In

| every case, Uy was equivalent to the activation energy of self diffusion. Values of

‘n ranged from 0.17 to 0.38. The experiments quoted were done on vacuum pencu.urs of

" the Ke type at frequencies ranging from 0.25 to 3.3 cps and amplitudes below 2-.0 b

. Data were also given on the effects of linear and point defects in pure alunimum. Tis-

. location densities were varied by cold working different amounts and Fe, Si, ant Cu
additions were made up to 0.3%. Values of U ranged from 4.0 to 11.0 kcal/mol; how-
ever, Uy did not vary by more than 10% from the 99.9998% aluminum value of 36 kcal/
/mol. From a phenomenological point of view the new equation for @ ! was related to

_ a broad spectrum of relaxation times v = 1g exp(Uy/kT), where Uy is constant; tnat is

.

wT

Q"—.A{\ ~ ds

1" @'?

Q

i where dz is the number of values of Ty in the intervai dt;. Orig. art. has: 2 tables,
' 6 farmulas. —

SUB CODE: 11,20/ SUBM DATE: 18Jan66/ OXiG REF: 03/ OTH REF: 302
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lus E of eiasticity itnerease with mncreasce n the N. concentration oi the atiov. oy s 2.t

P (e the ot of linear increase in creep) wancariy decreases with ncrcase oo
i

and reaches v when T Tm b Nevertheless, by cannot be regarded as an analo .o o yeeld
point ai high temperatures at which alftusion ¢roeep oceurs, because the values of § 0 o coad-
-worked mot..s ana aliovs are lower than in speciniens anncaled at high ten.perateoes.

Al mediun. te:ns; cratures preliminary cold work.ny causes hardentng of the metal a7
dation of creep rate, whereas at temperatures close to the melung point prelim:in ..o
working lcad. to "soitening” of the metai ana 1ncre:se 10 creep rate. There 1s as nel 0w
ambiguots ox,aenation for this phenomenon. It s be assoclated with tne enbunce o -
cquilibrium concentration of vacancies occursdy, - the presence of a large numuor 0 dis-

locations which rosults in an accelerated climb of cisloc.tions, " The authors are graiciv. o
S. S. Avotin jor participation In preparing specimens oi the alloys.” Orig. art. has:
4 figures.

i
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the magnitude of the diffusion cosffiocient. Os Padalko
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-TITLE' Multifxama high-temperature electron-dlffraction camera
SOQRCE‘ Priboryi tekhnika eksperimenta, RO 1, 1965. 192- 194
OPIC 'IAGS‘ electron dlifraction camers .

STRAGT' ‘Anew photopla,te magazine capabla of. prodm:ing 24 plcmra; ‘on. four
x lz-cm platel) without reloading ie described. - The new electron-diffraction - % e
‘camera is- equippad with three specimen holdera (independent specimen heating)

!
wl;ich can be" nuccaut?aly introduced into the electron beam. The specimens aro |
fastened to tantalum’s{rips which carry the controllable. heating current. Also,
Al transillumnination of film-type specimens is provided for. Sketches of the camera;
‘and -pecimen holder are lupplied Orig. art. has: 3 f!guree :

ASSOCIATION Khar'kovnldy universltet (Khar'kov Univernitx)
UBMITTED: 28Dec63 . ENcL: 00 - sUB com: /VP £S5
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APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9"



"APPROVED FOR RELEASE: 06/15/2000 CIA RDP86 00513R001340920003 9

TR WS : ] I mm?ﬂﬁ

T ™ S e " - Rmrs. - o
; S & . PO .- ki Ot T

;f’f-"“m'“M(l)/EWP(i)/r/EW(t)/m(z)/m(b) ‘Pad'-IJP(c) ~ID/EW
| ACCESBTON MRy AP501069% . Un/owl/éslw?/ooh/ogsl/ogss

2

wmom Pinu, B. !a., xuznetlm, R. I. N 93

nm: Conceming the absolute vnlue oi’ the s\nmicrowrosity that dmlopa 1n 3 é
electrolytic fﬂ:u of neta.la at‘ter unnealing and under load . E

BWRCB: mm tverdogo teh, v. 7, no. k 1965, 961-965

T

'mm:c TAGS poroad.ty, ‘metal t:un, a.nnealing, copper, nickal, 1ron

E .The abnol\xto values of the vumber Ny and 'rolune V of pores of Aiffer- | , 5
1 ent sizea, ‘and of_the total submicroporosity V, is. detem;lned on the basis of . - { -
| smalleangle’ x—m scnttering data obtained by the authors earlier (FIT v. 3, 1475, L
-1 19613 v 3409, The material tested comprised electfolytic £ilng
, i of copp nickel dron wel.l as compound- copper-nickel £4lms,{Annealed at. _
L dim tempemtnres under the influence of tensile stress amd without such: - |8
‘{8 stress. = The earlier investigations yielded only the relative values of these T e
. B ties. The adsolute intensity of the incident radiation was determined by ; -
! msuring the 1ntencity of the prhnxy bean attemuted by puauge through speniﬂlh
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chosen absorbers; The Femults ‘are tabulsted. Tt is concluled that the mall-angls -5
scattering method does not yleld the total volume of the pores present in the body, -
“| aithough the variation of density with amnealing temperature, both with and without .
] load, is qualitatively in agreement with tha remlts of this method. Orig. art.
1 hasy’ 10 tbmxhsandltable. o _ H

iABBwIATIOIs l!har'kunk:ly gomdarc vemmr nniverai.tet 1: A. n. Gor’kogo (lma.r’kov : 4
Btstc Univeuiq) - ol i

v e Ak a a8

|

s et T 2

[ TV P T

[

APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9"



"APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9

R 5 S LSRR O B0 B T R

o OTOEENG Amos¥T . sjalyés/oor/ooy/oserjosh |
: i _Pines, B. Ya.; Biremko, A. F. S R IR

-

Yorshtion of diffuston porostty 1n self diffusien 2 |
=riogo tels, v, 7, mo. 3, 1965, 687654 |
f3f iffuston, vacancy sotion, ddslocation no- |

: ;mied out in bodies made up of parts of the same nt;i-ia;l (cop:g; dbut o; Kfﬁ
. ferent cmegzm,bigmy annealed, deformed [cold hardened), and metal-
£ ff'omt o) A # have shown that heating a coaposite body consisting of atoms i
“ 1 tion leads to the mm'afrg-& pmaigwm.ﬁezhg ;u't e ey ko
- | -the lattice distortions are smaller The poro: o perte oo here | =
= , e , v . presence of sity in o
B bodyhning ol;rm distortion (hrgu-‘diqloutiojn denuty)'dot:- notp‘;:;d:: :tl:: z'
| development of @iffusion porosity in the part aloser to thermodynsmic equilidrium,’
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€¥en When pores of ssaller rading than 1n he distorbed seetion e svenr *
Tadius than 1n the distorted -

h"ﬁi“g?‘g 4o the equilibrivm. These pores no lmg“q:‘ru.’:ég :Btm igr' e
| tusten 3¢ soamd pover iited vith g 4 et 1o wores e s |
|- of the gus pressure), 1.e., - bat grova (under the influence
: -,.tiontg‘dirmsion.pom '
+ greatly decreases, or may stop complet ngt , a
“the experimental part of the work ® oeyo. oo ocnt P. A. Flomina participated in |

OB o amowm e, e
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1:'“!]!131 ‘J~ﬂ0rmehnical Wor, of cobuli}ferrite BEREGE 3(9 "
Tilih:»tmdogo fﬁh’ Y- 7: z 29 1965’ 351"35" R e 5

L thmemicu m

: Wn work ’, cobalt remtc,
wctic ntmcture. ngnetoltriction

ABSIRAG!: !hunmchanicn vornng 1: daﬁncd u_mm at’ 8 teuperature below
~the Curie. pom “with similtaneous application of a unilatersl elastic compression
-‘'or tension in the absence of a magnetic field, This is claimed to be the first
- investigation of the influence of thermmmechanical working on magnetic properties!
~ of- ferrites, and the research was undsrtaken vith an aim at comparing the results
- with the changes that occur in a farrite subjected to tham;nstic working, re-
“ported by the autbors earlier (Kristallografiya, v. 6, 901, 1961). The ferrite
~investigated was of the cobalt type with large ssturation megnetestriction . _

(= 187 = 106)+ " Polyerystailine & samples were made from powdered cobalt oxide and
j 1ron mac mm the same tochnolog as 1n tho eu-ncr innntigntion. The therno-
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. mechanical working was via annealing (in's furnace with-fifilsr heating coil).
samples exposed o compression uwp to 5 kg/me2, in a cycle consisting of rapid :
- heating, soaking for three houri without load, soaking for five hours under loaq,
:and rapid cooling to room temperature, : The annealing temperatures were 300, %00,
‘and B50C, The results show that different working temperatures correspond to dif-
~ferent degrees of uniexial magnetic texture, The experiments have shown thnt ;
" following the thermomechanical vorking the dependence of the magnetostriction on
“the magnetic field is nommonotonic. No.regular connection could be estsblished
‘| - between the additional volume striction and the load, Measurement of the. elasiic
|-- constants of the ferrite after the thermomechanical treatment exhibited some dif-
- ‘ferences between ferrites subjected to thermomechanical and to thermomagnatic
. treatment, and it is concluded that the detailed mechanism of establishment of
- the magnetically uniaxial texture is different in the two processes, although the
-end result (residual deformation of the crystal lattice) is the same in both
~oages. Orig. ert, hast 2 figures, . =~ .. . _

MBOUIAIIO!: nu"honkiy wudu-ctmnmunimum (Knar’kov Btate University)

~ BUB CODE: 68, B -
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, ACORSSION MR; AP3000N0L .. . . . © . 8/0126/63/015/00L/0584/0591
TITLE: Spesd ,otw'vt.h“o diffusive creep in metalb at submelting temperatures
‘BO\URGBs rum-tmov:\umlovmnm, vol. 15, no. U, 1963, 58L-591
& 1)

: . ABSTRACTs According to the existing postulates, the diffusive creep in the homo-
. '; gensously stresssd bodies is caused by the cxistence of atomic sources and voids
: inside and st the periphery of the body, The formulas expressing the spesd of a
| steady diffusive oresp derived bty C,. J. Herring, 1, M, Lifshits, J. Harper,
i L, Shapard, ‘and J. Dbrn are compared; the theoretical and experimental data’
) »'i,concgrning the effect of the specimen substructure on the cresp velocity are
... idiscusssd,  The experiment involved the stydy of the creep velocity variation
1501 (under tension) in 13 electrolytic copper¥famples., The samples, 4iffering in
7.1 grain slses, wers subjected to various treatments befors expsriment, The cree
§- | velocity measuremepts in all the samples wers made at the sams tenperature (mﬂoc
w0 -and load (p?Sg/J).' The experimental conditions corresponded to the diffusive
N ¢ ‘ M . .

PIG ngs, Q:;a‘iib 1n ut.al , creep in copper, velocity of 'crbep

)

1
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p: the ‘valosity of which depends on the applied stress p. The cresp gelocit‘.y
of observed in thess specimens was in the interval from 5.6 x 107 1/sec

) %0:3x107° 1/880, ~ The suthors conclude that the difference in the speed of a

| s.endy cresp at the temperaturs 10LOC may amount to more than 3 orders of magni-
‘[tut'e and that this spesd varies on the structural and substructural state of the
speiimen, deternzinéd by the kind of the preliminary treatment.  However, neither

of :t%e assumed substructurs types, which deterwuins the distance between the atomic ;
‘| sourves and voids, can’ explain the broad range of velocity variations. Possibly "
the effects obtained experimentally were csused by the superposition of various
I'subst ~ucture types. “Orig, ari. bas: L formulas, 1 table, and 6 figures,

~ | ASSO(,JATIONs Kbar'kovakiy gosudarstvennysy universitet im. A. M. Gor'kogo

| (Khau'tkov Stats University)

{ | sumxriEDs  O3seps2 . DATE AGSQs 120un63 EXCL: 00

 lscoprs M " NO REF SOVs. 007 | OTHER: 002
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Prepnrina nonocmuh of M, Cu nnd Cu-N{i alloys 1n & vacuum
smelting furnace Y| 4,1

' PERIODICAL:" Zavolsksys laboratoriva, v. 29, no. 5, 1963, 568-589

Amms- Plnu, B, Y. ond Innov, I. G.

" E¥T: A simple method of forming momocrystals of aifficultly-fusible
. metals, nickel, copper and nickel-copper slloys directly from fusions has been

- worked out. The molten slloy, in & crucible, is driven up into s zirconium
. test tube by nitrogen st a presscure of 1 atmosphere. The temperature is lowered
- 'to0 seversl degrees below the solidification point of the alloy and kept there
' under vacuum for 1 hour. Then it is slowly cooled. Monocrystals up to 100 mm

i 4m length and 3-5 mm in Aian. have been Gbtained. There sre 2 figures.

‘ ASSOCIATIO!!. Khar 'kovskiy gosud-ntvenm universitet im. A. N. Gor'kogo

(g.; 3_9 g g ggmmx mnt A, N, Oor'uy)

J-/GL
cn-a 1/1 -
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PINES, B.Ya,; SIRENKO, A.F,

Regularities of the creep kinetics of metals at high temperatures,
Fiz,.tver.tela 4 no.10:2727-2732 0 '62, (MIRA 15112)

1. Khar'}pvskiy gosudarstvennyy universitet imeni A .M.Gor'kogo.
(Creep of metals)
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PINES, B.Ya,; SIRENKO, A.F.

Mechanical properties at high temperatures in equilitriun and
nonequilibrium states. Fiz,met.i metalloved, 1, no.51693-700

N '62, (MIRA 15:12)

1. Khar'kovskiy gosudarstvennyy universitet im, A . M,Gor 'kogo.
(Motals at high temperatures)
(Phase rule and equilibrium)
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\UTHURS: bines, B.Ya., Grebennik, 1.P.
T1TLL: Electron diffraction 1nvestigation of hﬂtGrOdlfosion

in the system Ge-51
PERIVDICAL: Refetallogratiya. v.B, no.l, 1963, 16-20

TEXT: An estimate has been made of the coofflcient of hetero-
d4j ffusion between very thin layers of Ge and Si at g840°C. This 18 j,
not significnntly different from the value found by D.A.Petrov,
yu.l..3hashkov, and I.P.Akimchcnko (Collection: Voprosay metallurgii
{ fiziki poluprovodnlkuv (Problems of Metallurgy and Physics of
Sum\conductJrs) jzd-vo AN 35351, 1957, 130-132) for massive
specimens. 1t is often anserted that the diffusion cocfficienta
when lavers of only 100 to 1000 atoms thickness are involved
differ from the bulk values. The length of time requiroed to
cqualize the concentration of Ge and 51 throughout a thin layer
{ves a mcasure of the diffusion cocfficicnt. This process could
be followed by electron diffraction as 0o double layer was annealed
in the camera itself. Ge wns deposited on 8 substrate at 400°C |
and a layer of Si was eVaporated on top at room temperature. The
Ge layer was crystalline and gave sharp spots and the Si layer was

Card 1/2
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Electran M ffraction , . E132/E460
amorphouyg , At 450-500°¢ the process of equalization of the
concentration hagq not yet begun, At 800°C the Si crystallizeg

and at 84¢°¢ the system became uinglo-phaaed. From the time

required for this Process angdg the thickness of the film, the 7L,
diffusiop Coefficient could be estimated ag 3 x 10-14 cm2/ggc from \/
the equation x2 Dt, where X is the thickness and t the time;

t  was about 120 aec at 840°¢c and became too short to measure at
higher tomperatures; X was abouyt 10-6 cm, There are 3 figuregy,

ASTUCIATION; Khar'kOVskly gosudnrstvennyy universitet

SUBMITTED June 16, 1965
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5/161/62/004/010/012/063
B108/B104

AUTHORS Pines, B. fa., and Sirenko, A. F.

TITLE. The kinetics of the creep of metals of high temperaturoen
PERIODICALy Fisika tverdogo tela, v. 4, no. 10, 1962, 2727 - 2732

TEXTs+ The lawe governing the creep of metals were studied on specimens of
eleotrolytic copper, préviously rolled and annealed for 20 hrs at 10450°C,

The change in load necessary to maintain a constant creep rate over a wide
temperature range was checked in order to verify the formuls

Ve Mpnexp(-q/RT)

(J. Dorn. J. of Mechsnics and Phyeics of Solids, 3, 85, 1954), where V is
the creep rate, p is the losd, | is the activation energy. The experimen-
tal results obtained with an arrangement described in FMM, 7, 766, 1959
showed this formula to be correct. The exponent n decreases nith increas-
ing temperature down to n = 1 at about 9509C. There are 5 figures.

ASSOCIATIONs Khar'kovskiy gosudarstvennyy universitet im. A. M. Gor 'kogo
(Khar'kov State University imeni A. M. Cor'kiy)
Card 1/2
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The kinetice of the... 3432}4?31004/010/012/065

SUBMITTED:  May 7, 1962
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AUTHORS : Pinesg, B. Ya., Kuznetsova. R. 1., and Dubovik, M. F,
TITLE: Jdevelopment of submicroporosity in compos,te electr,iyt;¢c

filmg of the Cu - y, 8ystem during heating ang loading

PERIODIZAL: Flz1ika tverdogo tela, v, 4, no. 12, 1562, 3409-3414

destruction of thin electrolytic films of pure metalg {Cu, Ni, Fe) were
inveutigated in continuation of Previoug 8tudies (B. Ya. Pines, 7. ;.
Kuznetgova, PTT, 13, 1475, 1951, 4y no. s, 1962). The change of g, .
microporosity in Cu-Ni filma during annealing gat differant tempnra:uren
"ithout and witp load (230 e/mm?) wag Studied by peapg of X-ray Scattering,

both gideg w"ith nickel. The totg] thickness of 8pecimen 1 ('"7u) was
composed of 85% Cu file ang 15% Ni filma, ang that of S8pecimen 2 of 50%
Cu filp, Resultg. 4 Baximum volupe of poresg vag found jp the films,

_9"
-00513R001340920003
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SRS LR I Y
development of gutmicraporasit, ., B104 'B19Q?
18 explained by additi nas $ormating f #0Tes throups: nonun; e FArY LA
heterod:iffusion (Frenke." elfect o0f firgt xind). Under annealing gt 11?J°C,
submicroporosity in the unloaied state lncreages at first, pagses tinro.gn
4 maximum and then dropa, annealing under load always leads t . 45 in-'reage
in nubmxvroporosity; the higher the annealing temperature, tpe biirer
the increase. The development of submxcroporoaity in consequence -f
heterodiffusion leads to a noticeatble reduction of the heat res.siance
offered by the composgite Cu-Xi{ films. The amount of this reducti-r 1s
determined not only by the total vo.une of the pores but alsgo by their
distribution ir the film. There are } figures and 1 table.

ASS0CIATION: Khar'kovskiy gosudarstvennyy univeraitet ip. A.M. Gor'kogc
(Khar'kov State University imeni A. M. Gor'kiy)

SUBMTITTED : July 2, 1962
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ALTHONIS - "tnes ),y . ancd SArenko ., AL},

FITLE: Mothe prab em 0] hxrh~l<vm;mr‘:nuxn rechany¢al DU ey e
Eomet 4 eCimens n the equr i berygm and non-
COL b rivum cond 1ti1on

PERTODICAL - PEZ01ha met oy uu-(ulln\/mh-nlyv, Ve b, ono. La6e,
hady - (hgo

TIEXT: ihe rate o diffusion hrocesses, whi;ch Play an 1mpor Cant
part in the deformation of Mmetals at elevat ed temperatures, depends
on whether or not the metal 1s 1p a state of cquilibrium, This can
be explained In terms ot 4 hvpothesis that the proces« o1 "heal ing"
of defrcts 11 , distaort od cry=tal lattice 18 accompani ed |y gy
formation o1 nConsaderabl e number Ol excess VAcanc i es aeg cleratine
all the diflusion NDrocesu .., The ob oot oy the predent T ety o
Cation waye o, Chrec g gy, Valiaty oy thr s Wy bothes s by bt angn

mor o dotnllc-:l. Shrntematac dat ., aqn the ofbect of \vur‘l(~hnr"lrvnln\: At
atnealane on (e ome Banical (dapoert g ea of metals at o] evated tempeor-
atures. Creep tests Were conduct e on N1, Fe and Al Specimens G
both colrl-woried (o0=-T0 r:-'«lucllnn In thickness) and antieal nd

Card 1/3
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F113/E300
On the problem ol |
" H niversite
> \TLON: Par tiovsions rheadarstvennyy U
- ) et AN, Ger'loav:

1m. .
(Khar oV ~tate lniversi1ty 1m
SUBMITTED: Feolriuary 28, 1906l
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PINES, B,Ya.; KUZXETSOVA |, k.1
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PHASE I BOOK EXPLOITATION 80V/5953
Pines, Boris Yakovlevich

—
Ocherki po metallofizike (Essays in Metal Physics) Khar'kov, Izd-vo
Khar'kovskogo gos. univ., 1961, 31& p. 5000 coples printed.

Resp. Ed.: I. V. Smushkov, candidate of Physics and Mathematics;
Ed.: A. N. Tret'yakova; Tech. Ed.: 0. P. Aleksandrova.

PURPOSE: ~This book is intended for sclentific research workers and
engineers working in the field of metal physics and physical
metallurgy. It may also be useful to senior students specializing
in metal physics at schools of higher educatlion.

COVERAGE: The book deals with the molecular and kinetic character-
1stics of metals and alloys. The followlng are examined: 1)
approximate calculations of equilibrium dlagrams of metal alloys
for two-, three-, and n-component systems, the comparison of cal-
culated and experimental diagrams, and the comparison of alloy
constants taken from diagrams with experimental thermal constants;

card 1/§

]
L

APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9"




"PPROVED FO RELEASE: 06/15/2000 CIA-RDP86-00513R001340920003-9

I R 5

‘?
Essays in Metal Physics (cont.) S0V/5953

2) the evaluation of surface tension of metals and alloys, in-
cluding interphase surface tension, with adsorption effects

taken into account; 3) various phenomena connected with the mar-
1festations of self-diffusion of metals and alloys, such as ginter’
precrystallization, diffusion creep, and delayed fracture; 4) the
phenomena of diffusion in alloys and their effects (the Prenke.

and Kirkendall effects, the effect of crystal-lattice distortion cn
aiffusion, etc.). The book is based to & considerable extent on
results of investigations carried out by the author in cooperation
with A. 1. Bublik, Ya. Ye, Geguzin, A. F. Sirenko, I. V. Smushkov,
end E. P. Chaykovekiy, all of whom are faculty members at Khar'kov
University. There are 134 references, mostly Soviet.

TARLE OF COKITENTS:

[

Poreword

Introduction 7
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E111/E452
"' AUTHORS: Pines, B.Ya. and Ghaykovskiy, E.F.
» E—a—y - [N
, TITLE: Investigation of the Kinetics of the Rocryatallization‘g
of d-Deformed Iron q/l
. PERIODICAL: FPizika etaliV i metalloviedeniye, 1961, Vol.ll. No.l,
" TEXT: The authors, with Kaluzhinova (Ref.1l), have shown that in

the initial stage of low-temperature annealing of copper Vvery rapid
block growth occurs, expliceble on the basis of a dislocation
mechanism (polygonization); further block growth after high
temperature ennealing is due to diffusional collective
recrystallization. The object of the present work was to see
.whether similar effects occur in other metals, particulnrly Armco
iron. Zh.V.Skuratovskaya, G.V.Ptitsyn and !&gLﬁzlxﬁg_participated
in the work, which was carried out as before (Ref.1). In the first
part the relation between linear block size (e.g. L.u) and the
degree of plastic deformation (¢ ,% ) was found. This is shown in
Fig.l for deformations up to about 70%. In the next stage, block
growth kinetics in isothermal annealing at 600 to 1000°C of
specimens plastically deformed approximataly to 50% were studied.
card 1/5 o . o
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Investigation of the Kinetics of the Recrystallization of Cold-

Deformed Iron v/
P

Before X-ray examination,specimens were etched with 5% alcoholic
nitric acid. 200-micron diameter capillaries were used for
specimens annealed up to 890°C and larger diameters (up to 560
microns) for higher temperatures. The work showed that specimens
50% deformed and having an initial block size of about 0.4 microns
showed, after annealing at 600, 700, 800 or 890°C for periods of

5 seconds to 20 hours, effects similar to those found for copper
(Ref.l); in the initial stages, blocks of about 4 microns are
rapidly formed, The activation energy for this rapid block growth
is estimated at 41000 cal/g atom. As with copper, further block
growth or prolonged high-temperature annealing is diffusional in
character, Fig.2 shows dependence of block dimension (L,u) on
isothermal annealing time (Vt, hrs); the graphs 1, 2 and 3

relate to the annealing temperatures 890, 950 and 1000°C
respectively. Activation energies for this process are 51 kcal/g.at
at 700, 800 and 890°C and 68.4 at 950 and 1000°C. Changes in
sccondary extinction accompanying the diffusional growth were
measured as previously (Ref.l) with a type YPC-50M (URS-501)
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Investigation of the Kinetics of the Recrystallization of Cold-
‘Deformed Iron .
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~

- Eapparatua. fig.3 shows changes in integral intensity I for (110)
.and (220) lines with respect to block size (L,n) at 700, 800 and
. 890°C (curves 1, 2 and 3 respectively). Block size was found by
. the micro-beam method; the authors discuss the inherent errors.
Fig.4 shows relative errors as functions of block size (L,») for r:
.two sizes of capillary used in the determination and for two
different absolute errors {Curve 1, ON = 3, capillary 200 y;
Curve 2, AN = 1, capillary 200 n3 Curve 3, AN = 3, capillary
56 p; Curve 4, ON =1, capillary 560 wu). As the dimension rises
from 3 to 5.5 microns, the error rises tenfold, There are . 2)
4 figures, 1 table and 7 references: 5 Soviet and 2 non=-Soviet, L ——

ASSOCIATION: Khar'kovskiy gosudarstvennyy universitet im., A, M. Gor 'kogo
(Khar 'kov State University imeni A,M.Gor'kiy)

SUBMITTED: May 26, 1960 2s
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BOD6 /BOSE
AUTHORS: Pines, B. Ya. and Smushkov, I. V.
/’ﬁ
TITLE: Self-diffusion coefficienta in ailoys

PERIODICAL: Fizika tverdogo tela, V. 3, no. Yy 1961, 146-151

TEXT: The present paper deals with 8 theoretical estimation of the self-
diffusion coefficient Did of the i-th component of an alloy. The studies

are based upon the following equations of the diffusion theory: For the
flux of the i-th component, q,= —Dizci/ax holds, where c, denotes the

concentration and Di the diffusion coefficient of the component} Di is n
partial diffusion coefficient. The "mean” heterodiffusion coefficiernt of
s binary slloy {3 given by D= c1D2 + 02D1. D.1 i{g related to Did, wrich 1is

also described 8s being 8 partial gelf-diffusion coefficient, by the
relatior (3): Dy = D?d(1+31n fi/zln ci), where f, 1is the activity

Ccard 1/5
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gelf-diffusion coeffictents in alloys BDO6,/B056

coefficlent of the i-th component. I1f the solid golution 18 regular.
Sd [o] ] ‘

D, = D, [j - T c(1-c) | holds, where Uo 48 the mixing energy of the

alloy. For describing the neterodiffusion, 1t is therefore necessary to
ad
know Did. The estimation of Di {s carried out for various simple cnses.

First, a binery alloy of inhomogeneous concentration distributizn 1is
studied; A 1is assumed to contain a radiosctive ijsotope of the concentra-
tion 01(x); the non-radiocactive isotopes of the component A have the

) <

concentration cz(x); the component B hes the concentration (1-c), where
C = Cy+Cye For the volume fiux of the radioactive atoms one obtainst
de
2, dc dd 2 dok \oo1
AQ - -¥ @ra;l-+ 1 ax ) or &Q - { - c1dc1)dx , where 8 {g the inter-

atomic distance, and 6k 18 the concentrution—dependent transitior probabi-
1ity of a radioactive atom from one plane 1O another (at the distance 9.
The cases are now jpvestigated, in which c1(x) and ¢, x) are variable, but

c o= Cyt €, i{s constant. The following {3 obtained: AQ - -8%* %%J, where
card 2/5
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gself-diffusion coeficients in alloys B006 /BOYE
Bd( ) - L% 15 the "radioieotopic" self-diffusion coeffictert. If also
cec(x), then 8Q = -\D (c) + ¢ 2&_32]_1 1f c2t=-0 and c,ec, then
terodiffusiorn

Bd ang’] e ial h
Ha= - (0) + o5~} &x ° If c,=0 and c=Cy the partial he
8d,
od °%(e)
(C) + C-—d—c———' (11).
Sd(1) {s the self-d

s a function cf

coefficient 1s defined by n ( ) - D From (%) and
dcy - DSd(ﬂf(C) where D
If the jnteratom

{ffus.°n

(3) one obtsins D

coefficlient in pure metal.

——L—)—DSd(ﬂi‘(c), where §(1) is the interatomic /

concentration, DA dec) =
‘ (cl .
the activity —

ic distance 1

n the pure metal A. In a regular solid solution,

distance 1
—9— (1- c) , and one obtains

coefficient f(c ) = exp
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l

sd (1-c )? - -
DA (CA) - Derxp [' _A__Q____A__ where QA ig the activation en~rgy of

pelf-diffusion in pure metal. Aproximetively id==82vexp(As/k), where V¥

{s the frequency of atomic vibrations, and As is the entropy of selfl-

3diffusion activation, D, “D,," For dif’uslon in infinite dilution (TA=C),

Q (0) = Q (1) - U holds If by p° d_c D + c2D2 one denotes the coericient

of self- diffusion of ngveraged" alloy atoms, one obtains the following
relation in the approximation of the regular solution:

U
Ded.c D (1)GXPK (1-c ) l* c D (1)exp[kT(1-c )]; and for vhe activation
energy of self- diffusion of the alloy 1t follows that

2 - ]
o __11nDSd A[Q -0 (1-¢,) ]"P XT
alloy ')(-lk-,I:) p°< qg-U(1-e
Card 4/°%
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gelf-diffusion coefficients in slloys BC06,/BC56
Q as 8 function of Al concentration for an Ag-Al alloy {3 calculated from
the last-mentioned formula, and 18 compared with experimental dats.
Agreement, especially for small concentrations, 1is good. There are ' fi-
gure and 10 references: B Soviet-vloc and 2 non-Soviet-bloc.
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E193/E483
AUTHORS: Ripgs., B.Ya.. Grebennik I.P and Smushkov I v
d gl wr e b AT
TITLE: Electron and X-Ray Diffraction studies of the
Heterodiffusion Coefficients 1n the Nickel - Chromium
System
PERIODICAL: Fizika metallov 1 metallovedeniye 1960 Vol 10, No b
TEXT: In the first stage of the present investigation the
heterodiffusion in the Ni-Cr system was studied with the aid of a
high—temporature electron diffraction camera The experimental

specimens were prepared by vacuum deposition, an NaCl substrate
having been used to deposit consecutaive layers of quartz. nickel
chromium and quartz. (The layers of quartz served to prevent
preferential oxidation of chromium during the diffuston annealing)
The total thickness of the Cr-Ni layer was 1.7 x 1077 cm chromium
having been deposited 1n such a quantity that on the completion of

the diffusion annealing an alloy, containing 20 to 25 at.% Cr J/
was formed. Two variants of the specimens were made -
(1) "equilibrium" nickel . vequilibraum"” chromium and

(2) vequilibrium" nickel _ "pon-equilibrium” chromium The variant
Card 1A
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Electron and X-Ray Diffraction Siudies of the Heterodif fusinn
Coefficients in the Nickel-Chromiui System

(1) specimens were propnred by rapid deposition of nickel from
strongly super-heated source on to a substrate pre—hented to

about 400°C, followed by rapid deposition of chromium on to the
nickel layer whose temperature was about 300°C To produce the
variant (2) specimens, nickel was deposited 1n the same way as 1n
variant (1) but was allowed to cool to room temperature before the
deposition of chromium was carried out. The electron diffraction
pattern of the variant (1) specimens consisted of two systems of
narrow lines, whereas those obtained for var iant (2) specaimens had
parrow nickel lines and diffuse chromium lines. The mean value of
the diffusion coefficient p for the variant (1) spe:imens varied
from 24.1 x 10-15 cm2/sec at 600°C to 0.415 x 10 YS cmé/sec at
520°C: in the case of the variant (2) specimens. p variea from
48.2 x 10715 cm®/sec at 550°C to 2,41 x 10-15 ¢m2/sec at 450°'C
The activation energy for diffusion and the pre exponent1ul farr'or

calculated from these data. were Q - 51500 cal/mol and
Do = 0. 18 cm“/sec for the variant (1) specimens. the correspondinz
Ccard 2/ 4
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values for the variant (2) specimens being 14600 .al/mol and

1.6 x 10-5 cmz/sec. The specimens used for X-ray diffraction
analysis consisted of 1.5 mm thick discs of electrolytic nickel
(vacuum-annealed at 1400°C) on which a 5 to 6 micron thick layer of
chromium had been electrodeposlted The diffusion annealing

(at 700, 800 and 900°C) was carried out in 4 bath of molten borl
oxide. The concentration-dependence of D . determined by X-rav
diffraction, was similar for all three test temperatures

D decreasing with increasing concentration of chrominm At 900 C
D decreased from approximately 1 x 107 cmz/sec at 4 at % Cr to
0.3 x 107 cm2/sec at 33 at. % Cr The actaivation energy Q
varied between 30 and 40 kcal/mol the Q versus concentration
curve having a maximum of 40 kcal/mol at 18% Cr and a local
minimum of 33.5 kcal/mol at 30% Cr The D, versus concentration
curve also passed through a maXximum at about 18% Cr The graph
illustrating the relationship between log D and /T and
constructed from data obtained by electron diffraction nn the
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variant (1) specimens and by X-ray diftractinon on electrolvtiny

specimens, constituted & single straight line. indicating a s
agreement between the results obtained by both methods . The
students Yu.Krot, V.Solunskiy and D.Sherman partxcxpated in the
vork . There are 6 figures. 3 tables and 11 references
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*TITLE: On the Kinetics of Sintering in a Solid Phase
PERIODICAL: Fizika metallov i metallovedeniye, 1960, Vol.1lO0, No.5,
pp.750-755
TEXT: A critical analysis is presented of the phenomena which

bhad been investigated by Lifshits and Slezov (Ref.l) and Garber et
al (Ref.2). In the former case the kinetics of decomposition of
a super-saturated solid solutionjwas studied, with particular
reference to the late stages of he process during which
coalescence of the grains takes place. New laws were established
regarding the time dependence of the maximum radius of the
precipitated "inclusions" and of the degree of super-saturation of
solid solutions. The theory postulated by Lifshits and Slezov was
applied to elucidate the mechanism of sintering of metal powders
and it was shown that this process can be regarded as consisting of
two counter-current phenomena: (1) growth of pores ("void crystals")
and their coalescence in regions distant from the grain-boundaries,
and (2) ndimsolution”™ of pores accompanied by ejectjon of vacancies
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(from the super-saturated solution), which then diffused to the
external boundary of the particle where so-called ngintered skin" is
formed. In the latter case, the time-dependence of the process

of sintering and coalescence of pores in rock salt was
experimentally determined, the results confirming the theoretical
predictions made by Lifshits and Slezov. The present author shows
that expressions derived by the latter workers are valid only if

it is assumed that, parallel to sintering and coalescence,
decomposition of the super-saturated solid solution takes place

and derives an expression for the time-dependence of the thickness
of the sintered skin, which is simpler than that derived by
Lifshits and Slezov. He also shows that the mechanism of
sintering, discussed by these workers, is not applicable to

powders such as are used in powder metallurgy, being valid only for
materials which are initially pore-free and which become porous
only after heating, during which formation of a super-aaturated
solution of vacancies takes place followed by ejection of the
excess vacancies from the solution. The implications of the
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difference between these two processes are discussed in detail and
jt is suggested that, to avoid confusion, the process associated
with the dissolution and precipitation of vacancles should be
referred to as "precipitation sintering”. There are 8 soviet
references.
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